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Early development of the endosperm of flowering
plants involves the formation of a syncytium through
successive rounds of nuclear division without cell wall
synthesis. New data reveal that cellularisation of this
syncytium requires the SPÄTZLE protein and involves
the formation of cell walls similar to those of somatic
tissues.
The division of the plant nucleus and its host
cytoplasm [1] is conventionally achieved through a
tightly regulated developmental program extending
from the specification of the division plane by a
cytoskeletal pre-prophase band, through mitosis to
the development of the phragamoplast and cell plate
which separate the daughter nuclei. Although control
checkpoints have been identified in the cell cycle,
some of which operate within mitosis (reviewed in [2]),
we remain woefully ignorant about the regulation of
cytokinesis [1].
Rather than continuing to dissect conventional
division, an alternative approach is to search for
control points in systems such as the germ-line and
the male and female gametophytes, where elements
of the cytokinetic process are apparently dissociated.
In an important advance, Sorensen et al. [3] have
recently reported that the switch from coenocytic to
cellular development in the Arabidopsis endosperm —
a nutritive structure formed by fusion of the polar
nuclei of the embryo sac with one of the two sperm
nuclei from the fertilising pollen grain — involves the
product of the SPÄTZLE gene and the formation of
cell walls which share many features with those of
somatic cells.
Some information is available on the regulation of
cell division in plants, for cyclin-dependent kinases [1]
and the PILZ family of microtubule-folding cofactors
[4,5] have been shown to link cell-cycle progression to
cytokinesis during M phase. The control of subse-
quent events, however, remains obscure, particularly
the transition between daughter nuclei separation and
cell-plate formation. 
Many mutations affecting the mechanics of cell divi-
sion have been isolated [1,6], and molecules have been
identified which appear to play key roles in each stage
of the process. The tangled1 mutant of maize, for
example, appears to be disrupted in preprophase band
orientation and fails to form longitudinal division planes
[7]. In Tradescantia, the CDC2 gene product has been
reported to be associated with the preprophase band,
the mitotic spindle and the phragmoplast microtubules
[8], while the kinesin-like calmodulin binding protein of
tobacco colocalises with microtubules and may have a
role in organising the phragmoplast cytoskeleton [9].
As the division cyto-skeleton becomes organised in
Arabidopsis, the cell-division-specific syntaxin KNOLLE
[10], and the Sec1 protein KEULE [11], become associ-
ated with the developing phragmoplast and cell plate
[1,6]. In tobacco, it has been shown that, at this stage,
a mitogen-activated protein (MAP) kinase kinase
kinase, NPK1 [12], is activated in the equatorial region
of the phragomoplast by NACK1, a kinesin-like protein
with a known homo-log, HINKEL, in Arabidopsis [13].
This NPK1–NACK1 interaction is required for the mat-
uration of the phragmoplast and the expansion of the
cell plate.
Cell division is very different in germ-lines and in
some gametophytic tissues. Here, cell division is not
predicted by preprophase bands but starts with the
generation of radial microtubular arrays from organising
centers on the outer face of the newly reconstituted
nuclear envelope [14,15]. These radial microtubular
systems have been shown first to establish nuclear
cytoplasmic domains, and then, at their interstices, to
organise the formation of the walls that segregate the
daughter cells [15]. These walls may be either made up
of B1–3 glucan callose, as in male and female meiotic
cell lines, or share many components with somatic cell
walls, as is the case in the endosperm. 
Strikingly, prior to cell formation, the endosperm
undergoes an early phase of synchronised nuclear
division, forming a multicellular syncytium or coeno-
cyte. Cellularisation of this syncytium then follows by
the generation of specialised phragmoplasts at planes
where the radial microtubular systems of adjacent
nuclei intersect [16]. Although electron microscopy
shows these phragmoplasts to differ from those of
conventional somatic development — principally in
the morphology of the membrane systems involved
(reviewed in [6]) — many components are shared. The
new data of Sorensen et al [3] strongly suggest that
the KNOLLE, KEULE and HINKEL proteins are as
essential for endosperm cellularisation as they are for
somatic cytokinesis.
As the coenocytic phase of nuclear replication in
the young endosperm involves at least one com-
ponent of the cytokinetic apparatus — the radial
microtubular system — and as the cell plates formed
on cellularisation closely resemble those of somatic
tissues, is it reasonable to regard development in the
endosperm as paralleling that of somatic cells but
modified such that, until cellularisation occurs, the
phragmoplast developmental pathway is bypassed?
Unfortunately, the answer is probably no, as the radial
microtubular system/nuclear cytoplasmic domain
(RMS/NCD) system is very different from that of
somatic cells and the formation — in the male germ-
line — of callosic walls which grow inwards from the
cell periphery clearly shows that RMS/NCD systems
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do not always progress to form conventional phrag-
moplasts and cell plates. Nevertheless, it remains
possible that elements of the regulatory system that
activates phragmoplast development in endosperms
may also be common to ‘conventional’ cytokinesis.
These elements are unlikely to include SPÄTZLE, for
although its expression is necessary for cellularisation
of the endosperm in Arabidopsis, it cannot play a key
part in somatic cytokinesis for spätzle mutant lines oth-
erwise grow normally and form perfect embryos [3].
Further, SPÄTZLE is not even an integral component of
the ‘basic’ RMS/NCD cytokinetic system, for spätzle
plants are fertile and thus capable of forming the cal-
losic cross walls following male and female meiotic
cytokinesis. While little is known of these germ-line
divisions, the lack of a requirement for SPÄTZLE in
cell-wall formation supports other evidence pointing to
a clear distinction between the RMS/NCD systems
operating in endosperms and germ-lines. For example,
disruption of the Arabidopsis TETRASPORE (TES)
locus affects both the nuclear cytoplasmic domains
and callose cross wall formation, but only in male
meiotic cytokinesis and not in the endosperm [17].
Interestingly TES encodes a kinesin-like protein similar
to HINKEL [13,18], which is believed to be involved in
the expansion of somatic cell plates, suggesting that
despite differences in control and composition, there
are some processes common to cytokinesis in germ-
line and somatic cells.
SPÄTZLE thus emerges as a key component of the
early development of somatic-type phragmoplasts,
but only in the endosperm (Figure 1). Whether an
analagous role is played by another molecule during
cytokinesis in the embryo, or whether cellularisation of
syncytical nuclei is regulated by a completely different
pathway of which SPÄTZLE is a component, must
await the cloning of the SPÄTZLE gene and further
characterisation of the events in which it takes part.
The fact that SPÄTZLE is required for cellularisation
in the endosperm, but is not a component of con-
ventional or other RMS/NCD–type cytokineses, sug-
gests that SPÄTZLE is either uniquely required for cel-
lularisation after a period of coenocytic nuclear repli-
cation, or has evolved to link the RMS/NCD system to
phragmoplast and cell-plate formation. RMS/NCD
cytokinesis is held to be the ancestral type [6], and
presumably evolved to operate in cell lines where no
positional information is transmitted by the cortical
cytoskeleton of the previous generation. Once land
plants had developed such a cytoskeleton, associated
with cellulosic wall formation, it presumably became
integrated into the machinery which defines the new
nuclear cytoplasmic domains of the daughter nuclei.
But in cell lines where no such cytoskeletal legacy
exists, such as the germ-line which has no cortical
microtubular system and no cellulosic walls, the
RMS/NCD system has been retained. This system
seems also to be employed in circumstances where
rapid nuclear proliferation is required — such as early
endosperm development — where no cell walls are
formed and thus no pre-existing structures are
present to guide cell-plate formation.
So, does SPÄTZLE provide evidence that conven-
tional somatic cytokinesis evolved from the RMS/NCD
–phragmoplast system seen in endosperms, or was it
rather derived from a modified RMS/NCD system
which incorporated the cortical cytoskeleton as cellu-
losic cell walls arose? The restriction of SPÄTZLE to
endosperm cellularisation suggests that it evolved to
link the RMS/NCD system to phragmoplast develop-
ment, perhaps in a pathway separate from that
leading to conventional cytokinesis, and maybe solely
for the purpose of cellularisation of syncytia. More
data on cytokinesis in lower plants and the basal
angiosperms, where coenocytic development is more
prevalent [19,20], would do much to unravel evolu-
tionary relationships between these different cytoki-
netic systems.
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Figure 1. Cytokinesis in somatic cells, the germ-line and the endosperm of Arabidopsis. 
SPÄTZLE is required only for the cellularisation of the endosperm syncytium, and not for cytokinesis of somatic or germ-line cells.
RMS/NCD refers to the process through which radial microtubular systems establish nuclear/cytoplasmic domains [14]. PPB refers
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